Abstract. The understanding of how alcohol damages the liver has expanded substantially over the last decade. In particular, the genetics of alcoholism, the genesis of fatty liver, the role of oxidant stress, interactions between endotoxin and the Kupffer cell, and the factors that control activation of the he patic stellate cell (HSC) have been the focus of a great deal of research. Genetic mechanisms for increasing the risk of alcoholism include alterations in alcohol metabolizing enzymes as well as neuro biological differences between individuals. The development of fatty liver may involve both redox forces, oxidative stress, and alterations in peroxisome proliferator activated receptor function. Oxida tive stress is now known to involve both microsomal and mitochondrial systems. Recent studies impli cate stimulation of Kupffer cells by portal vein endotoxin as a cause of release of cytokines and che mokines, hepatocyte hyper-metabolism, and activation of HSC. These actions appear to be in part gender-dependent and may explain the susceptibility of women to alcoholic liver disease. Activation of HSC underlies liver fibrosis and cirrhosis of all types; control of this activation might permit control of the progression of fibrosis. These advances suggest a number of new approaches as therapy for alco holic liver injury. (Keio J Med 48 (4): 184-188, December 1999) 
Introduction
Alcoholic liver disease (ALD) continues to be a major cause of cirrhosis and death around the world. While the ultimate control of alcoholic liver disease will require the prevention of alcohol abuse, better under standing of the hepatotoxicity of alcohol may lead to treatments of fatty liver and alcoholic hepatitis, pre vention or delay of occurrence of cirrhosis, or modula tion of the interactions between alcohol consumption and HCV infection. Furthermore, insights gained from studying alcoholic liver injury may extrapolate to non alcoholic fatty liver and steatohepatitis.
Advances in understanding alcohol toxicity that have occurred in the last decade can be grouped under the topics of genetics of alcoholism, causes of fatty liver, the roles of oxidant stress and protein adducts, the impor tance of endotoxin, control of hepatic stellate cell (HSC) activation, and the risks of alcoholic liver disease in women.
These will be discussed in turn. 
Genesis of Fatty Liver
Fatty liver has long been recognized as the earliest response of the liver to chronic alcohol consumption. This was attributed to the effect of increased levels of cytosolic and mitochondrial NADH, which inhibits oxidation of fatty acids and stimulates their synthesis. Although this hypothesis has been dominant in the field, it was challenged as early as the mid 1960's by studies in which anti-oxidants prevented development of fatty liver in animals receiving large single doses of alcohol or chronic feeding of alcohol in the diet. The mechanisms by which alcohol imposes oxidative stress are discussed in the next section. We recently addressed this question by generating cell lines expressing rat class I ADH. These cells lack other forms of ADH and ALDH, as well as cytochrome P4502E1. The cell lines express high levels of ADH and metabolize alcohol present in the culture medium. Moreover, the rate of NADH production in these cells is sufficient to increase the lactate/pyruvate ratio in the medium from about 9 to 45. This degree of redox stress is at least as great as that occurring in the liver during alcohol metabolism. Coincident with this, the HeLa cells accumulate large amounts of triglyceride and free fatty acids. This was associated with inhibition of fatty acid oxidation and an increased rate of fatty acid synthesis.11
To determine the mechanism underlying this effect, various inhibitors were tested. As expected, the ADH inhibitor 4-methylpyrazole blocked the accumulation of fatty acids and triacylglycerols. Addition of tocopherol to the medium did not prevent fat accumulation, argu ing that oxidative stress was not involved. On the other hand, methylene blue, which non-enzymatically accepts electrons from NADH, reduced the lactate/pyruvate ratio and attenuated the accumulation of fat in the cells. These results argue that a high NADH/NAD+ratio alone is sufficient to initiate the accumulation of fat and the development of fatty liver.
An interesting development in our understanding of lipid metabolism may be relevant to the development of alcoholic fatty liver. The peroxisome proliferator acti vated receptor (PPAR) is now recognized to be a fatty acid receptor.12 This receptor forms heterodimers with retinoid X receptor, binds consensus response elements (PuGGTCAnPuGGTCA), and activates gene tran scription. Many genes involved in fatty acid binding (fatty acid binding protein), fatty acid oxidation (per oxisomal fatty acyl CoA oxidase, mitochondrial me dium chain fatty acyl CoA dehydrogenase , microsomal lauryl hydroxylase), and lipoprotein synthesis (apo CIII and AI) appear to be regulated by PPAR .13 It would be expected that high levels of fatty acids in the livers of individuals who drink alcohol would activate these genes, but some of them (e. g., fatty acyl-CoA oxidase) 
